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2.2. Finite element models of LOPC 
7KHFRPSDFWWHQVLRQ&7VSHFLPHQZLWKWKLFNQHVVB PPZLGWKW PPDQGFUDFNGHSWKaW 
ZDV XVHG LQ WKLV VWXG\ 7KH VSHFLPHQ JHRPHWU\ LV VKRZQ LQ )LJ 'XH WR V\PPHWU\ RQO\ RQH TXDUWHU RI WKH










7R JHQHUDWH ORFDO FUDFNWLS UHVLGXDO VWUHVVHV WKH SURFHVV RI /23& LV SHUIRUPHG RQ ERWK VLGHV RI WKH &7
VSHFLPHQVLPXOWDQHRXVO\XVLQJDGRXEOHSDLUVRIWRROVDVVKRZQLQ)LJ7KHSXQFKLQJWRROUDGLXVRLVPP7KH
VSHFLPHQ VXUIDFH LV FRPSUHVVHGE\ WKH WRROVXQWLO D VSHFLILHGGLVSODFHPHQW WRSURGXFH VRPHSODVWLFGHIRUPDWLRQ
7KH VSHFLPHQ LV WKHQ XQORDGHG E\PRYLQJ WKH WRROV EDFN WR WKHLU RULJLQDO SRVLWLRQ DQG D UHVLGXDO VWUHVV ILHOG LV
JHQHUDWHG GXH WR WKH VWUDLQ LQFRPSDWLELOLW\ EHWZHHQ WKH HODVWLF DQG SODVWLF UHJLRQV LQ WKH VSHFLPHQ >@ 7KH
PDJQLWXGH DQGGLVWULEXWLRQRI WKH UHVLGXDO VWUHVVHV FDQEH FKDQJHGE\PRYLQJ WKHSRVLWLRQRI WKHSXQFKLQJ WRROV
D
E
1773 X.M. Song et al. /  Procedia Engineering  130 ( 2015 )  1770 – 1778 
UHODWLYHWRWKHFUDFNWLS7KHSRVLWLRQRISXQFKLQJWRROVLQ/23&RQWKHVSHFLPHQVXUIDFHLVFKDUDFWHUL]HGE\WZR
SDUDPHWHUVRIįxDQGįyZKHUHįxLVWKHGLVWDQFHEHWZHHQWKHSXQFKLQJWRROVFHQWHUDQGWKHFUDFNWLSDQGįyLVWKH
GLVWDQFH EHWZHHQ WKH SXQFKLQJ WRROV FHQWHU DQG WKH FUDFN SODQH PLGSODQH DV VKRZQ LQ )LJ7KH VWUHVVVWUDLQ
UHVSRQVH RI WKH VWHHO DW URRP WHPSHUDWXUH LQ (T  LV XVHG 7R JHQHUDWH GLIIHUHQW GLVWULEXWLRQV RI WKH UHVLGXDO
VWUHVVHVWKHSXQFKLQJWRROVSRVLWLRQįx/RLVFKDQJHGDQGWKHįy/RYDOXHLVIL[HGWREH7KHHLJKWįx/RYDOXHVDUH
VHWDQG WKH\DUH   DQG)LJ$SUHFRPSUHVVLRQGLVSODFHPHQWRIPPZDV
DSSOLHGRQWKHSXQFKLQJWRROVULJLGSDUWVLQWKHVLPXODWLRQVDQGWKHQXQORDGLQJ






















   













ª ºª  º § · § · « »¨ ¸ ¨ ¸« » © ¹ © ¹¬ ¼ ¬ ¼
  


















   ®
° t¯
  
ZKHUH fH DQG fH LVORZHUVKHOIDQGXSSHUVKHOIFUHHSGXFWLOLW\UHVSHFWLYHO\ fH   fH  DQG c  c DQG
m DUHFRQVWDQWV c  ( c  (DQGm  >@7KHWUXHVWUHVVVWUDLQFXUYHRI WKHVWHHODWć
VKRZQLQ)LJDQGWKH51FUHHSPRGHOLQ7DEOHZHUHXVHGLQWKHFUHHSGDPDJHDQG&&*VLPXODWLRQV
1774   X.M. Song et al. /  Procedia Engineering  130 ( 2015 )  1770 – 1778 
5HVXOWVDQGGLVFXVVLRQ








VWUHVV LQ WKHUHJLRQDZD\IURPWKHFUDFNWLS0D[LPXPFRPSUHVVLYHUHVLGXDOVWUHVV LVREWDLQHGIRU WKHSRVLWLRQRI
įx/R   7KH UHVLGXDO VWUHVV GLVWULEXWLRQ LV UHODWLYHO\ XQLIRUPZKHQ WKH SXQFKLQJ WRROV SDUDOOHO WR WKH FUDFN WLS
įx/R  :KHQ WKHSXQFKLQJ WRROV DUH LQ IURQWRI WKH FUDFN WLS WHQVLOH UHVLGXDO VWUHVV LVJHQHUDWHG LQ D FHUWDLQ
UHJLRQDKHDGRIWKHFUDFNWLS7KHSHDNWHQVLOHUHVLGXDOVWUHVVLVORFDWHGDWDFHUWDLQGLVWDQFHDZD\IURPFUDFNWLS
DQG WKHQ WKH YDOXH RI WHQVLOH UHVLGXDO VWUHVV GHFUHDVHV ZLWK LQFUHDVLQJ WKH GLVWDQFH IURP WKH FUDFN WLS 7KH
FRPSUHVVLYHUHVLGXDOVWUHVVGLVWULEXWHVLQWKHUHJLRQDZD\IURPWKHFUDFNWLS7KHPD[LPXPWHQVLOHUHVLGXDOVWUHVVLV






3.2.  Effects of residual stress on creep crack initiation and growth 
)RUWKH&7VSHFLPHQVZLWKWKHUHVLGXDOVWUHVVILHOGVWKHFUHHSFUDFNLQLWLDWLRQ&&,DQGJURZWK&&*ZHUH










FDQEHVHHQ WKDW WKHVSHFLPHQVZLWKFRPSUHVVLYHUHVLGXDOVWUHVVDWFUDFN WLSVKDYHVKRUWHU&&*OHQJWKDQG WKRVH
ZLWKWHQVLOHUHVLGXDOVWUHVVKDYHORQJHU&&*OHQJWK7KLVLPSOLHVWKDWWKHKLJKHUWHQVLOHUHVLGXDOVWUHVVDWFUDFNWLSV
SURPRWHVFUHHSFUDFNLQLWLDWLRQDQGJURZWK7KHORQJHU&&*LQWKHVSHFLPHQZLWKįx/R =ZLOOEHDQDO\]HGODWHU







VDPHFUHHSWLPHRI[KDį[5 Eį[5 Fį[5 Gį[5 Hį[5 I




WKH IUDFWXUH RFFXUV 7KH IDVWHU&&* UDWH DW WKH ODWHU VWDJH LV GXH WR WKH LQFUHDVLQJ ORDG DSSOLHG RQ WKH OLJDPHQW
EHFDXVHRIWKHGHFUHDVLQJRIWKHUHPDLQLQJOLJDPHQWDUHD)LJVKRZVWKDWWKHFXUYHVKDSHRIWKHVSHFLPHQVZLWK
GLIIHUHQWįx/RYDOXHVLVVLPLODU:LWKPRYLQJWKHSXQFKLQJWRROVSRVLWLRQįx/RIURPWRWKHFXUYHVPRYH
IURPWKHULJKWWRWKHOHIWDQGWKHFUHHSIUDFWXUHOLIHEHFRPHVVKRUW7KHVSHFLPHQZLWKįx/R  = KDVVKRUWHUFUHHS
IUDFWXUHOLIHDQGWKHOLIHRIWKHVSHFLPHQZLWKRXWSUHFRPSUHVVLRQLVVLPLODUWRWKHVSHFLPHQZLWKįx/R =7KH
&&,WLPHtiIRUHYHU\SUHFRPSUHVVHGVSHFLPHQLVREWDLQHGIURP)LJDQGLVVKRZQLQ)LJ,WFDQEHVHHQWKDWWKH
&&, WLPH GHFUHDVHV ZLWK LQFUHDVLQJ WKH įx/R YDOXH IURP  WR  7KH &&, WLPH RI WKH VSHFLPHQV ZLWK














WULD[LDOLW\DKHDGRIFUDFN WLSV LQFUHDVHZLWKLQFUHDVLQJ WKHįx/R YDOXHIURP WR7KHKLJKHUFRPSUHVVLYH

















WKH VWDQGDUGPHWKRG LQ$670(7KHFDOFXODWHGda/dtC* FXUYHV IRUDOOSUHFRPSUHVVHGVSHFLPHQVDQG WKH
VSHFLPHQZLWKRXWSUHFRPSUHVVLRQDUHFRPSDUHGLQ)LJ,WFDQEHVHHQWKDWWKHSXQFKLQJWRROVSRVLWLRQVUHVLGXDO
VWUHVVHVVHQWLDOO\KDYHQRHIIHFWRQ&&*UDWHV7KHUHIRUHWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSIUDFWXUHOLIHLQ)LJ
PDLQO\DULVHVIURPLWVHIIHFWRQFUHHS LQLWLDWLRQ OLIH WKH&&, WLPH ,QFUHHS OLIHDVVHVVPHQWVDQGGHVLJQVRIKLJK
WHPSHUDWXUHFRPSRQHQWVWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSLQLWLDWLRQOLIHVKRXOGEHPDLQO\FRQVLGHUHG
&RQFOXVLRQV
'LIIHUHQW WHQVLOH DQG FRPSUHVVLYH UHVLGXDO VWUHVV ILHOGV DUH LQWURGXFHG LQ SUHFUDFNHG &7 VSHFLPHQV E\ WKH
/23&PHWKRGWKHQWKHFUHHSFUDFNLQLWLDWLRQDQGJURZWKDUHVLPXODWHGLQWKHSUHVHQFHRIUHVLGXDOVWUHVV7KHHIIHFWV
RIUHVLGXDOVWUHVVRQWKH&&,DQG&&*EHKDYLRUDUHLQYHVWLJDWHG7KHUHVXOWVREWDLQHGDUHDVIROORZV





PDLQO\ DULVHV IURP LWV HIIHFW RQ FUHHS LQLWLDWLRQ OLIH ,Q FUHHS OLIH DVVHVVPHQWV DQG GHVLJQV RI KLJK WHPSHUDWXUH
FRPSRQHQWVWKHHIIHFWRIUHVLGXDOVWUHVVRQFUHHSLQLWLDWLRQOLIHVKRXOGEHPDLQO\FRQVLGHUHG
$FNQRZOHGJPHQWV















1778   X.M. Song et al. /  Procedia Engineering  130 ( 2015 )  1770 – 1778 
>@ -:=KDQJ*=:DQJ)=;XDQ677X7KHLQIOXHQFHRIVWUHVVUHJLPHGHSHQGHQWFUHHSPRGHODQGGXFWLOLW\LQWKHSUHGLFWLRQRIFUHHS
FUDFNJURZWKUDWHLQ&U0R9VWHHO0DWHU'HV
>@ -: =KDQJ *= :DQJ )= ;XDQ 67 7X 3UHGLFWLRQ RI FUHHS FUDFN JURZWK EHKDYLRU LQ &U0R9 VWHHO VSHFLPHQV ZLWK GLIIHUHQW
FRQVWUDLQWVIRUDZLGHUDQJHRI&(QJ)UDFW0HFK
>@ -37DQ677X*=:DQJ)=;XDQ(IIHFWDQGPHFKDQLVPRIRXWRISODQHFRQVWUDLQWRQFUHHSFUDFNJURZWKEHKDYLRURID&U0R9
VWHHO(QJ)UDFW0HFK
>@ &62K1+.LP<-.LP&0'DYLHV.01LNELQ':'HDQ&UHHSIDLOXUHVLPXODWLRQVRI+DWଇ3DUW,DPHWKRGDQG
YDOLGDWLRQ(QJ)UDFW0HFK
>@ 0<DWRPL07DEXFKL,VVXHVUHODWLQJWRQXPHULFDOPRGHOLQJRIFUHHSFUDFNJURZWK(QJ)UDFW0HFK
>@ 1+.LP&62K<-.LP&0'DYLHV.01LNELQ':'HDQ&UHHSIDLOXUHVLPXODWLRQVRI+DWଇ3DUW ,,±HIIHFWVRI
VSHFLPHQJHRPHWU\DQGORDGLQJPRGH(QJ)UDFW0HFK
>@ 0<DWRPL.01LNELQ132¶'RZG&UHHSFUDFNJURZWKSUHGLFWLRQXVLQJDGDPDJHEDVHGDSSURDFK,QW-3UHVV9HV3LS

>@ $)&RFNV0)$VKE\,QWHUJUDQXODUIUDFWXUHGXULQJSRZHUODZFUHHSXQGHUPXOWLD[LDOVWUHVVHV0HWDO6FL
>@ 3-6XQ*=:DQJ)=;XDQ677X=':DQJ7KUHHGLPHQVLRQDOQXPHULFDODQDO\VHVRIRXWRISODQHFUHHSFUDFNWLSFRQVWUDLQWLQ
FRPSDFWWHQVLRQVSHFLPHQV,QW-6ROLGV6WUXFW
